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(54) RADIO DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a radio device that 
can suppress deterioration in the transmission directivity in an 
outgoing channel caused by a time difference between 
incoming and outgoing channels. 

SOLUTION: The radio device unit 1000 separates a signal 
from a specific terminal among signals from adaptive array 
antennas #1-#4 on the basis of a reception weight vector 
calculated by a reception weight vector computer 20. A 
reception response vector computer 22 introduces a reception 
response vector through a propagation path through which a 
signal from a specific terminal propagates. A transmission 
response vector estimate unit 32 applies extrapolation 
processing to the estimate result by the reception response 
vector computer 22 with a parameter in response to a 
propagation environment to predict a transmission response 
vector at the point of transmission time. A transmission 
weight vector computer 30 controls antenna directivity during 
transmission on the basis of the prediction result of the 
transmission response vector estimate unit 32. 
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ittjEgrffSS&fi, 

meft(tfittK}it»a:otts«jit(cx<5v^T. sot* 
«« *«aMt basset ^^s^srsesri-sa^ii 

MBS AfilBKfltft^S lUo $ tbfc «TlB#SO 

Ski. 

«uiae»»(oe»is*jca;i:T^*sfcs$^, g«B* 

ffi«<E> 9 *>iiuEliJ£ £ Htf: K*:^7— JBMfclc 
3 *Mf EM SrilR LtttB»j(l« ic «t 5 «i 

J: 2 «clB*o*i»K 

So 



2 

[if^5] ttBBK^att, Jtfi$ixfc(ir*K16^ 

:£v>*«®*t£i!^-r£K R**4rzBtt0Mta«. 
[R*B6] »rE'<7 ME*»*ai£J:a 
JO ^»*aS^i3Jt5^#EB|-e*>9. fflBB«^»li, bu 

(4, »Efi**OKy^7-Ji**i3j:tWt»««fc« 
^LT, ]HB«fV$^«[K0^1fER|0)^ttEtt9e 

«E«feaRLT(»E*»*a^J:5^»M f afca«i- 
R*9l£Btto&RgK. 
[R*«7] iluEii«^aii, HuE*S$ix*: Ky^ 

R3K9(6lcEttO«iltlStK. 

m*« s ] mrBfi«aist t »fBi*©/<7 * - 9 1 

OBB««\ HuEffilj»^artlcfli/r^^^$tt5, if* 

tcE«feo^j»^Sc 
[R*« 9 1 nBfitftA4t t ttE«Sa>'<7 * - * t 
«ft«>ltE«KKK^#a^ftK»ix%« R 
1 icEtto*M*«S. 

J0 [0 0 0 1 ] 
[0 0 0 2] 

[0 0 0 3] [19 ttffljftft£«t#Slfttt (Frequency Di 
4/) vision Multiple Access : F DMA) , 

(Time Division Multiple Access : T DMA) *3«tt/ 
PDMA(Path Division Multiple Acess) <0£«0ii{f 
->^^A^*3(t5^-^*/KOB«ia-C*>So 

[0 0 0 4 ] ^-f, B9«r#iLt, F DMA, TDM 
A;fc«fctf PDMAtcol/>Tffi¥(^ta^-f-5o 12 9 (a) 
l±F DMA^tS-Cfcot, **5««« f 1 - f 4 
(^SS^-f 1 -4 OT-^-o ^« ix 

50 [0 0 0 5] EI 9 (b) {C^-TTDMAtC^V^TJi. 
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[0 0 0 6] ftiS-eti, tft*S!ttB*0*&lcJ: 

PDMA^ 

MMSSflTV^So :©PDMAjaii 1219 (c) Id 

<DTfe£o :oPDMA-Ctt#ft- : Ifoft^te^&g::? 
mtry^^yru^ (adaptive array) ftifOtBi: 

[0007] w^i: 5^rm^y7 

TV**. 

[0 0 0 8] B. Widrow. et al. : "Adaptive Antenna 

Systems. "Proc. IEEE, vol.55. No. 12. pp. 2143-2159 

(Dec. 1967 ) . 
S. P. Applebaum : "Adaptive Arrays *. IEEE Trans. 

Antennas & Propag. . vol. AP-24. No. 5. pp. 585-598 

(Sept. 1976) . 
0. L. Frost. Ill : "Adaptive Least Squares Optimiz 
at ion Subject to Linear Equality Constraints. "SEL 
-70-055, Technical Report, No. 6796-2. Information 
System Lab.. Stanford Univ. (Aug. 1970 ) . 
B. Widrow and S. D. Stearns : "Adaptive Signal Pr 
ocessing, "Prentice-Hall. Englewood CI iffs (198 
5) . 

R. A. Monzingo and T. W. Miller : "Introduction t 
o Adaptive Arrays, "John Wiley & Sons. New York (1 
980) . 

J. E. Hudson: "Adaptive Array Pr inci pies, "Peter P 
eregrinus Ltd.. London (1981) . 
R. T. Compton. Jr. : "Adaptive Antennas — Concept 
s and Performance. "Prentice-Hal I. Englewood Cliffs 
(1988) . 

E. Nicolau and D. Zaharia : "Adaptive Arrays." Els 
evier. Amsterdam (1989) . 

T. lo^r^f^TKiMUlillt n*<D 
T>7^#1, £2, #3, ^nd^/^TKT 

6 <Dnm*m < mmzm 2 <ommm^ 7 1 Lttbt e 

[0 0 0 9 ] «*3rt-C, a-fAOjft*tfco»W 
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[0 0 10] ^T\ fcttt^- ^AO»|»SfStft4 

3.-fA©»HBl4i:7 

[0011] coJ:3i:, =.-if A*5J:tfB<z>3K*a><b 

& J: B (OWJ5 frh <Dit *t>* WL C o if * £ ffi 2> 1" 5 w 

[0 0 12] [^07m^7'7W7^rtO« 
rt*5J:r«iff] 7^r^7Wi«S^ 1 T(4, 

-(o^~^Bd^ofi^m^ft^?>^-r5fc^ 

20 l£, &<0£ 5fc&&&fT&oTV^ 0 Hi 1*4, T 

7^7 W «»»fi« 1 WM^^tl^n y * [§] 

[0013] 4f, ^-^Afrbnit^&A ( t ) , =l 
— tf B^^CO^f^-^B (t) t-T5£. I10W7K 
T^tt 2 £«j*i-5SS l W7y7t# l Ttf>£{Sfe * 
xl (t) 14, : 
xl (t) = a 1 X A (t) + b 1 XB (t) 
wC-C, al, b 1(4, W&'fZZolzyT/l'fJJ*'? 

30 [0 0 14] »2C7y7t# 2TCD£fHf^x 

2 ( t) {4. &5£<D± ?\zmt>£tlZ> : 

x2 (t) = a 2 X A ( t ) +b2XB (t) 

^w-c, a 2, b 2i>mmzy t/u*j j*-c&it-rz>& 

[0 0 15] tfctc, m 3 COT # 3 T'CO^iiHft^ x 

3 ( t) I4 X fcafcoj; 9t:iP^6 : 

x3 (t) = a 3 X A (t) +b3XB (t) 

wwT, a 3. b 3 y T/U*^ AT»t;t2)« 

&T*>5 0 

40 [0 0 16] IpJEH::, ^nW7y7t? n-C<OS«ff * 
xn (t) 14, RSiWJ: 9lc«t>$n5 : 
xn (t) = a n x A (t) + b n X B (t) 

an, b n A-e8Efti-s« 

»Tfc6o 

[0 0 1 7] JilBco^^a 1 , a 2, a 3, a n 

t4, ^l-* FAJ&»fcO«Kfg^l£*tU 7W7>7t2 
S:Mt57yft#l, #2, £ 3, SnCO^ix 

50 yugfi^MIB&fcttTlBSJxTi**) , ^rix-efwr >- 
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[0 0 18] ±IW>«»b 1, b 2, b 3, 

-*-#l, #2, #3, # n ^-tiX-ettT^Sfi^ff 

[0 0 19] ^rix-e^OT^^-Cgft^ixfefS^x l 
(i),x2(t).x3(t), •*-. x n (t) tt % 
Xtfci-ZX^ 1 0 - 1 , 10-2, 10-3, — , 
1 O-n^LTTm^TKiiliii ^ffi 70 

fc**. 6*1,5*: fcfcic, #Jti-5*»»l 2-1, 12 
-2, 12-3, 1 2-nO— ^A^ItC^rix-e^ 

[0 0 2 0] cix^o^S^ofdi^A^iicfi. 

f l:^t6i^w 1 , w2, w3, wnWD^iX 

[0 0 2 1] Ifc^ot, 1 -COMilfx 20 

1 ( t ) f4 v ^SSi 12-1 £&T, w 1 x ( a 1 A 

(t) +blB (t) ) bftVs 7^y--r$ 2X<D^\t 
ff^x 2 (t) 14, 3l£3il 2-2^gt, w2 X (a 
2A (t) +b2B (t) ) T>t-^#3T60 
Sifft-^x 3 (t) *4. 3fc*§gl 2-3£&T, w3X 

(a3A (t) -hb3B (t) ) tt£Q. Zb\ZT>7- 
-f#nX*<D%:mm^x n (t) f4. *3t« 1 2 - n SrS 
wnx (anA (t) +bnB (t) ) tKZ> 0 

[0 0 2 2] w*UfcO*JM§l 2- 1 , 12-2, 12 
-3, 1 2-n©ffi^*4, flOjI^l 3^toJf£*U 30 

wl (alA (t) -rblB (t)) + w 2 (a2A 
(t) + b 2B (t) ) +w3 (a3A (t) rb3B 
(t) ) +-- + W n (anA (t) -hbnB (t) ) 

ZflZit^A (t) t:i§t6^HffB (t) lzM-fZ> 

(wlal+w2a2+w3a3H {-wnan) A 

(t) + (w 1 b 1 + w 2 b 2 +w 3 b 3 + — + w n b 
n) B (t) 

*o^^atti-ct<5J:5«Ji-b8e*^.wi i w2, w3. 

wn^rtf^-f-^o SI 1 1 0#JT-i4, 

^ b-<* h/MMHffil lf4. **aiS-*--<t3-— !f AA» 
h<Dm^A (t) (^^^tfettJ-rafc^lC, ffifta l, a 
2, a 3, — , an, bl, b2, b3, b n 

«£**U ff^A (t) ft* 
B (t) LTO fc**J:5»^ S^w 

1, w2, w3, wn^rff^L-f-5o 

[0 0 2 3] frai^ h-<^ WHHfiMB 1 1 50 



&ffl 2002-43995 

6 

14, TEOili:— 8:*S^;«:*< d tldJ: 9, (g»A 
(t) *>«*asi, (t#B (t) offS*sotft5Ifr 
wl, w2, w3, — , wn^riJT/^^^tSait 

5 : 

wl a 1 + w2 a 2 -r w 3 a 3-1 hwna n = 1 

w 1 b 1 + w 2b2+w3b3 + ••• + w n b n = 0 
Z<Dm&— ft^S^O»feWSttW*4«fti-5* $ , 3felC^J 

[0 0 2 4 ] wWj:9i:I^wl, w 2 , w3, — , w 
n^t6l £«C«fc >9. aoSill 3om^fg^4TIB 

ffl^{f^-=lXA (t) +0XB (t) =A (t) 

ifA, B08agiJJ4ftoj:5twff*feix5o 
[ 0 0 2 5 ] El 1 2 {4. *»«3S«<0«&fg^O7 

ur^^t, mmmmm\zt^xmto<om*&fu*b 

[0026] r^zf?v<om^m\±, 
m»m&mizbvxmmi-^ffim<D^-VfrZot>** 

((Ull) f4, 1 4J&»€>»UlLfc3.— PAlzntS 

L7t h l — ^>^m^t, £«ufc«»*M 

ff«^«4, m^ft#-SRX (t) tLTT^r^TW 

[0 0 2 7 ] — Ei 1 1 tc^o^T, ^^S^^OA^Dlt 
-^-STX (t) {4. 7^7^7 U^fiHSSlfi^l ^rtH 
fi£i-Si*fg«Bl TtCAt), 5- 1, 15-2, 

15-3, 1 5 - n CO— ^A^^-^^Lo^^o :n 

bO^UCSOffll^A^tCtt^^iX. h-<^ h/u 

sy^gui i \z£V9ciz%itm^\zm<s\,^x#m£]rL*i& 

*w 1 , w2, w3, — , wn**= tf— $ttTHl»D$iX 

[0 0 2 8] ilxc>w*J(*cJ:or«^tt»tSJx*:A 
>3«*4h *tJC-f^^^ y^- 1 0- 1 . 10-2. 10 
- 3, ■-, 1 0 - n^Lt, ^t57yftt 1 , 

#2, 4?3, Znizmbti^ mi o<Dm*&3ftizm 

[0029] §:itmbmcT ujt^^i-z & 

m\,-x&iB£ft,zm^\z^ g:mm%>bmmiz=—VA 

h b-tZ>m*ttrt&iS*iX^Z>1zit>. 5Sfg$ 

z>fa<D± o \z=L-i? A<om&m&m4 tz * v&mzh, 
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So ®13li, Z<D£? t£^—*TKhT#-77-4ZfT W- 

L^m-cfc^o amc«jgidss<«iHS:^i"iai ooffl 

% 3 emit, EI 1 3 Offiffl_b<0l»« 3 a \Z.f*-t J: 9 
10 0 3 0] 

[«W*«**LJ:5t-*-5«B] P DMA 

[0 0 3 1 ] bZ*>T\ l^f:7^7^7W?r 

*w*4tt»*««i-srit>BriB-c*>s. cot 

-f S3M£#%;i<b;ft,So *&#ttFDD (Frequency Divi 
si on Duplex) „ TDD (Time Division Duplex) 2r[^ 

So il(l#«:FDD-CEv^»a\ &g«OTW 

^-^gfcS TWfBg^*^ 

[0 0 3 2] K±KfflLfcJ:5lu, Sifter ^r'-r 

y7l/^?:ffl^tTDD/PDMA^tll ± 9 SI* 

Twe>tufcTu>r > (^^ h-<^ h^w**- 

So 

[0 0 3 3] o^D, ±9 0^ (7y^y^) -ea- 

[0 0 3 4] wOJ:9*eUftK^«»«:%itUfeT9isI 
[0 0 3 5] Ld»U**«fe. gitft^o/^x^^ 
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[0036] -biB^ct e> <crae^$r«^s 

T*ia^^^^^^^^^^^ti$:^-rs 

[0 0 3 7] 

gfBlslBtt* Stiff ^ogflBSu:, g^ryrtd^ 

fi«*IS^aiW^ SflTElttW:, SfllfEclHHKlE 
SlfiNPorvx^^^MiBr^S^f^^^S 

[0 0 3 8] CO^B^ICcttb^ fc£;t±0[e]i*-e*tJ£ 
40 [0 0 3 9] ff*L<ll, ^tf^SlC.t 

[0 0 4 0] CO^^tCt^^. _hD[Hl^Ogitfr^-< 
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[0 0 4 1 ] ±Vfr±L<i*. M^^ii, mi££h,ti 
K y -f 7 -m IKft ^tev > t5 if «fc 9 Sflg £ a& 

[0 0 4 2] COIgB^lci:^!! Ky^7— 

-tl-J: 1 ? ^BSIOgii)a£Jl_h^^}f fcfTfc £g£ih 

t >fc»^»E«Sr* < i: tcj: 9 fcfTfc 

[0 0 4 3] J:0»*U<*4, ^*f^a 

[0 0 4 4] ^(D&WlLXtltZ. ftJxtf 

[0 0 4 5] i9ffti<tt, ai«*afi. it^^ixfc 
*VMi if J: 0«v**»E««:**U 'h* 

[0 0 4 6] CO*WJcJ:^tf H VMS if 

"9 *Mf 8&H£a]»J Lx W-WMStf/hS VMS if*M*K^j&s 
/hS< * Sfc i- S cilc J: 

[0 0 4 7] £9#£L<fi. '<9*-**i* fl-lf^a 

*5«fc VfS^IRKlcWttii-S^Mf BBSra* LT*#^a 
[0 0 4 8] Ky^7-M»*5«t 

«!3e*s»riBi:4S. 
[0 0 4 9] J:9#*U<fi, aS^att, 3f££ixf;: 
K^^^-Sjfift^WJS-rs^ffffijBISriK^aRL, « 

[0 0 5 0] CCD3eWKJ:*Uf, *#8S»:::kf 
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[0 0 5 1 ] J: 9»*L<li, aM«i«»(D/<7^ 
-^iroii^fi, ^«iri:l£«*lcftS3JT,5 0 

[0052] ^co^^icitb^ i^oii^irti: 

t^7^-^t ottCHff «r*ttfl!Ketc J; 9 * 
[0 0 5 3] J:!>»£L<W:. e«ft8R*i:*»0^7^ 

[0054] zv&wizxtu^ mi»mwiffi<D®i*mi 

[0 0 5 5] 

20 «) 1 0 0 0O*ScSr^t«tt^o y ^0-Cfc5 o 

[0 0 5 6] 12] 1 I^LfcfllJfcicas^TIi, 3L— If P S 
1 i: P S 2 &*r*»W-5fc«>fc, 4$(D7yft#l- 

fi, «MICN* (N : tfeottiV^ 

[0 0 5 7] Ell L7ti£§Mf v-^T-jU 1 0 0 0T* 
ii, 7^t^# l-#4^<Dfg^£rg:ltT, fcttS-f* 
a— tf\ /ctiil 3-— If P S 1 frbtDmfk&ftmi-Z 
7ttf>0§{fS&SR l*d£Xf=L— tf P S 1 — <OfS*£:i2Hg 

30 1 4 tSrft&BSR 1 *3<t^ftBST 1 h<Dm§L 
li. ^^fy^l 0-l-10-4lCct!9, aRttiw^O* 

[0 0 5 8 ] 1-fcfc>*>, -tiX-etU^T^x^-CgfE^^ 
fcgftm-^RXI (t) , RX2 (t) , RX3 (t) , 
RX4 (t) li, *HEi-5*-f y^l 0- 1, 10- 
2 t 10-3, 1 0-4^^L-CSff^SR 1 A 9 , 
^ft^o,^ h-<^ h/UtfS«2 o, &mfc&<<* h^tf 
S«2 2(C^^^ix^>i: ir^lc, *tlCi-5*»*l 2- 
1, 12-2, 12-3, 12-4 ^— ^ATl^-^n^ 

[0059] d^^^^^^(D{{ii^A^(cii x 

4 h^<f h^tf*«2 0^6^^ncOT^^^-TcD^: 
flit -§-JC>tf-r6S^&w rxll, wrx2l, wr 
x 3 1 , w r x 4 1 d*HU)D3JV5« d^fbOl^M 
tt, **«i:l§HII^ gft^^^ h-<^ h/utfff«2 0 

[0 0 6 0] STIlt ^ili^^ h /utfS« 

50 ib, isswB^A-cofiettftawffc^^ 
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i32i, aMtJsa^* h^mmm3 2 i©i8jt7-^ 

U t*— *£iBtfc«»i-5>^ U 3 4 3HiJ£ 
gx* h/Hfe6«3 2 0i£30SJ!i:lc£-J^T, £{1*^ 

h-<^ Od^ol^ffRw t x 

11, wtx2l, wtx3 1, wt x4 l^ppijD$n 
5**815-1. 15-2, 15-3, 15-4^ 
*ir„ *JH8 1 5 - 1 . 15-2, 15-3, 15-4 10 
frb<DthJ]t-±, 10-1-10-4^LT, * 

RXj(t) = h u Srx,(t) + hj 2 Srx 2 (t) + n^t) 
RX 2 (t) « h 2l Srx l (t) + h^Srx^ (t) + n 2 (t) 
RX 3 (0 = hjjSxx^t) + h 32 Srx 2 (t) + n 3 (t) 
RX 4 (t) = h 41 Srx,(t) + h 42 Srx 2 (t) + n 4 (t) 



[0061] tets. m i {citEi^LTv>^v>d^ ^mu 

SR l*5<fcU4£ff*BST l tm*to1*&&. #3-— f\Z 
[0 0 6 2] [Tm^TK^lTO] Srlfga 
[0 0 6 3] T>x^T§fi£iT,rt:£{f ft -SI-RX1 

(t) , RX2 (t) . RX3 (t) , RX4 (t) fi. 
[0 0 6 4] 

-CD 
-C2) 
-<3) 



[0 0 6 5] ww-C, {t^-RXj (t) tt, j#S (j 
= 1, 2, 3, 4) (DTyftO§ff|^^L, ff-5§- 
Srxi ( t ) ft, i #S ( i = 1 , 2) co^-— If 

[0 0 6 6] £<bic. fffth jitt. j iioryrtic 

i »fd^co«*<7>«*«»Sr^$K [»2] 

X(t) = H l Srx,(t)+ H 2 Srx 2 (t)+ N(t) 

X(t) = [RX^t), RX 2 (t), RXUOF 

H l =[h li> h 2i ,....h 4>i f , G-1,2) 

NW^n^t), n 2 (t) 1 ....n*(t)F 



*U nj (t) (i. j»Bog««»lc$*Jx*li#*r 
[0 0 6 7] _hCD5£ (1) - (4) h/ui^-cg 
[0 0 6 8 ] 



-(5) 
■••(6) 

— O) 

— (B) 



[0 0 6 9] fc*55fc (6) - (8) Cl*5V^ [■»] T 
fi, [■■•] (Dl5S^^i- 0 :cx% X (t) 

h>K H i (i i #@ co^-— if c^^fti^^^^ h/K 
N (t) fi*!^* h^^r^ix^tL^UTl/^o 

[0070] r ^^-r ^ u-r r >"r1-&s El l 

r xli-w r x 4 i tr»JtT*flc Lfc«»Sr*flT 
ff^-SRX ( t) t LT£ti^i-5o 

[0071] £t> o temmcvTiz, tztx. 

ff* ifj&*i£<ff Ufcff^S r xl (t) Srfcfc 

[0 0 7 2] 7^f^7^ 1 0 0c7)ffi7Jm^y 1 
(t) fi, A^fS^* h/wx (t) tV*-* h-<* h 

y l(t) = HjW/Six^t) + H 2 " 



30 [0 0 7 3 ] 

yl(t) = XC^Wj ■■•« 
W, = [wrx IU wrx 2I> wix, 3 i, w^iF — CioO 

[0 0 7 4] t^*>, ^h^^h;UW1 It j# 
B^A^Jif^-RXj (t) »^^^ix51^«w 
rxjl (j=l, 2, 3, 4) &53fcfci-5'<* h^T 

[0 0 7 5 ] C IT'^ (9) <7)J:9(^b^^y 1 
40 (t) [C*tLT, 5t (5) \Z.£Vm%i£zxtzAJ]ms§r'< 
t h^X (t) £ttAl-££> J^TcOctvlc^So 
[0 0 7 6 ] 
1*4] 

^SiXjW+NWWj 1 -01) 



[0077] ^ c t\ r ^7wioo &mm [& 5 ] 

Wlc»flEL;fc»g\ «fti**«fetcj: 0, K-<* h H 1 W l T =l -(12) 

[0078] 50 [0 0 7 9 1 ^(12) *5«tt/3C (13) $r^fc-T«t 9 
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(8) 
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13 



\z$^j h-<* h^m &&±\zmw£tizt* ryy * [ooso] 

r^TKlOOA^^ilfy 1 (t)li, &m [&6] 
yl(t) = Srx 1 (t) + N I (t) 

N,(t) = n,(t)w n + n 2 (t)w 2l + n 3 (t)w 31 + n 4 (t)w«, 



14 

•(14) 
•(15) 



[0 0 8 1 ] 1-fcfc>*>. ttJ2>fH§-y 1 ( t ) 2 A 

x1 (t) i>mhh*^h\z.t£Z> 0 

[0082] tmmmm. 1000 <z>»fEo8an m 2 
[0 0 8 3] il^gi 0 0 oicjsv^Tte. ry/r^ 



20 



[0 0 8 4] £1\ g«»SR lK^T. 

10 0) o e*ft»0«^tt, a (1) - (4) IC**^ 

[0 0 8 5] i£ (1) - (4) K*3^ 

^-f ps 1 frb<Dm^mi*<Dmm&<D&mt>mjLZ> 

Zt\Zt£Z> 0 [0 0 9 1 ] 

[0 0 8 6] o-JV^-C. iSfSJS^^ h/^«**3 2 * [&7] 

X(t) a H^rXi (t) + H 2 Six 2 (t) + N(t) 

X(t) - [RX x (t), RX 2 (t), .... RXJOF 

H,-[h u ,h a|B .„,h ili r. Ci = 1, 2) 
N(t) = [n 1 (t) > n 2 (t),...,n n (t)I r 



[0 0 8 7 ] £ felt, i£ff K-<^ K/HUM3 b 

J Y^t h;uo«-»S:fTV\ 5-1-15-4 

^m^-rs (^x>^^s 104)0 

[0 0 8 8] [SflK&S^* h^tfff« 2 2 OftfH O 
*fl£* Ell (C^LfcgftfSS^* h/u«-»«2 2<D-<D 

[0 0 8 9] *1\ T^-^^^*. ra«F^ii« 

0Kd»e>ffl**jxsflr*tt. ±^Lfc^ (1) - (4) 

[0090] :cot#, CCO^C (1) - (4) 

t^-fZ t, J^T<D5£ (5) - (8) <D£olZt£ 

6 e 



•(5) 

•(e) 

•(7) 

(a) 



[0 0 9.2] 7^f^y7W^l»i:i^ 

fc«>, -hiSti^S r xi (t) (i = l, 2 ) fi^T 

[0093] :©tf, if ^- S r x i ( t ) #gSEfcl<D« 

t LT, ^{fj£^-<* h/UH1 = [h 40 

11, h 21, h31, h41] *3j;tfH2 = [h12, h22, h 
32, h42] ZMT\z&W-tZ>£ 5iattiiit5Ct#* 

E[X(t) • SrxrCt)]^ • E[Srx,(t) • Srx/(t)] 

+H 2 • E[Srx 2 (t) • Srx/(t)]+E[N(t) • Snc;(t)] 



[0 0 9 4 ] 1-fcfc>*>, g«««-tRjfflfcftofc3.— !f 
f§-5§-, tixtfJSl^-f^bOflfSrxl (t) 

[0 0 9 5] 
[&8] 



•(16) 



[0 0 9 6] 5$ (16) ICJdVnT, E [-] fi, B£ffi¥ <DX 9l^5c 

*&£^U S* (t) li, S (t) 0#flMMS£^-f\ [0 0 9 7 ] 

w«¥*«r£*B*H#-MM^»fi\ :ofMliWT [&9] 
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ECSix^t)- Six/(t)]=l 
E[Six 2 (t) • Srx;(t)]=0 
E[N(t)- Stx;(t)]=0 

[0 0 9 8] ::t\ ^ (18) v>m.&o ttez><D^ 

m^S r x1 (t) i(t»Srx2(t) icSVMcfBBa 
d«*v^fc«)-Cfc5o ^(19) W0i:^5O 

it ittsrxi (t) tjt*flr»N (t) tomizft 
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—(17) 
—CIS) 
—(19) 

* [0 0 9 9] L^ot, ^ (16) OT^if^TOu^ 

1 tc«L< fc*. 
[0 10 0] 
[#10] 



[oioi] 6Lk*>J:3fc«*lcJ:B. ^i#ioa- 
if P S l d^^t^tb^ft^OgmJt^^ h^H1 £ 

[0 10 2] ^CLT, ATjft*^^ hAOC (t) fc 
ft^-S r x2 (t) OT^^^/U5PiS»ff*'*Tft5C 

tt\ 2fi^- tf ps 2frbT&isztiizmf§r<o&m 

[0 10 3] ±^«t9^rytyy^{j:, fctx. 
[0104] [3S«(5«-<^ h H 3 tt, C 

£|C0 3 1 *»#/u*r!Sl O h U— -^v-^/iOl^h & 
^co6 8 *»#/u«r7*— * v-vziOi^L £ <b(-S:1&Jlo 
3 l '>y*>!:l20b u-~>yisi<-#)^\\t1rh 0 

[0105] IJtO t *3 9, _h 9 EiS* O y h <D$tm& 
(SJt*^^ h/Hf»«2 2<SDT/U=^y XA^fflV^TM* 
[0 1 0 6] tit, *#*QS (itfft*Mf) let 

[0 1 0 7] -tt£t>%* SffjfcSx* h^<D^m<DHM 
Olo^jtt:jol75tef (t) k-fZ>k. -hOE 
j&xn > y hC03fe^ h ^>^v-^^;^iJC0^J t 0 X* 
Of f (tO) £ , ± 9 \E\'&* d y h (DWc'&m h U~ = 

v^v^j^/umowjii 1 1 wfif (ti) tics-^v^ 

T^tali&^n y KcoBf^iJ t tcHottSM f ( t ) 

[0108] f ( t) = [ f (tl)-f (t.0) ]/ 
(tl-tO) x (t-tO) + f (tO) 

j»7Dyh^3^fi^, ^JtCOlf (t) ^2 



[0 10 9] cco^te, 9^1f^tcJ:5>T 

20 [0 11 0] [3s{f ? W h^<* b'W&mi U±(V£ 
o£> UAT0 3ii«Pcov^^^^&T, Sfeffl" h 

[0111] i ) ®^b^J:2>*ft 
3- — If P S 1 (DtifM t = i T ( i : T : *ffiB* 

miH)NR) t^ftS*-^ h/MV<1) (i) = [w 

t x1K w t x12, w t x13, w t x14] Ir%t5, =*■ 
-if P S 2 ^^7USrifi]ttSfc«)^ti. £XT<D3kftfrffiti 

JO [0 112] ^--if P S 2lZ#LT^$JL*Lfefim (S 
iflCS^^ h^) $:V(2) ( i ) = [hi ' (2) ( i ) . 
h2' (2) ( i) , h3' (2) (i) , h4' (2) ( i) ] t 
i-6o hp'(q) (i) iiq#S^^-ifo. P 

fcfiHM&VO) (i) ^iLTfc^t^tt^ 
[0113] C (D 1 1 , W(1) ( i ) TV (2) ( i ) =0 

kt£Z>£i\z s w(1) (i) *&:i£i-Z> 0 ft*ft#il 

ts ^t^#ci) % c2) ^n-r 0 

^0 [0114] 

c i) w(d ( i) tv(d (i) = g {-mm) 

c 2) || W (1) ( i ) II *r*/h*i-5. 
[0 115]Mc2) It ^ft^^^Mbt^w^: 

i i) »««BBff^Jfcfflv^5*tt 

3^5, -fiS:^, ryrtwA^^ h/v^X (t) , ^ 
h-<^ h^wttbt^ ft^Y (t) =WTX 
J0 (t) k&mm^d (t) 
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[0117] fcifcfU 
[0 118] 



R«=B[x*(t)x T (t)] 
rxd=E[x*(t)d(t)] 
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(Wiener^) t^tbilSo 



* [0116] 
1*11] 



* [&1 2] 
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7*9 



— (23) 



[0 119] *r»fc-*-4:«3&S*>S. wC-C. YTJ4YO 
!5S$r. Y*l4YO«3lKS«£. E [Y] teT^lf^:/ 

[0 12 0] fcC^-C. «««Hf?W*rJBV**#»-C 
tt, -blS**: (2 1) fr£ilTtttW'rs«S«ttl»fi 1 W^J: 

[0 12 3] w<Oi:#, t = i T(w*$tt 5 * [0 1 2 4 ] 
Oge*BII8fT*URxx (i) HV(k) (i) SrS^T&it [» 1 4 1 



[0121] «36Snfc**S««»»» 
h' (k)n (i) &J8V^T* 3-— J if kco*:*^*:^ 
* h/uw(k) (i) &*HH-* 0 JKk«i03.— !for 
W JEax* h/w£V(k) (i) ±&o£:fc> 

[0 12 2] 
»13] 



•(24) 



■(25) 



[0 12 5] fc*:U Ni4Rxx ( i ) frmkktehtLft 

14* fc&jttf, N= 1 . 0xi0-5t Lfc. 
[0 12 6] 4: h^rxd 

( i )- fi&:£T-^;b£ix3o 

[0127] 
[»15] 

r JBl (i) = V <>0 *(i) -(26) 



30 



► [0 12 8] U:^ot^ (21) (25) (2 6) I: 
[0 12 9] fc*5, (2 5) <Bi»?T*U*Wl4iSMTMG> 



[0 



13 0] 
1 6] 



W «(i) = (p» + N) v«*(i) - Pia vw© 

W w (i) = (Pn + N) V< 2) \i) - P 2 iV 0) *(i) 
p 8 =V Cl >"(i)V<»(i) 



(27) 
•(28) 



[0131] z<D±?\zB^nm?t?M*5-^bthtz&f, 

14, : T . Ohgane s Y . Ogawa, and 

K. Iioh, Proc. VTC '97, vol. 
2, pp. 725-729, May 1 9 9 7, ^f: 

ii, : ffl=K /hJiu &m. v o 

1. RCS98-1 1 7, pp. 103-108, Oc 
t . 1 9 9 8 KiBlfiSJxT^S. 



tf— ix£^L— if p s l fcfttt5£W5;£<£>W-^Si'5 
fc. £ATOSt€r»fc-frtf J:v\, 
[0 13 3] W(1) ( i ) =V(1) ( i ) * 

*W U — te&SS$r*££L*:4§£\ TDD/PDMA^ 



[0132] i i i) t* — Jx^zl — if P S 1 Zyjj 50 m'C(D&mftfa&<D'&<tZ1toffl'f Z> C t & ^"CkSc 
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20 



[0 1 3 4] !2 4tt**ffloa£«JES><* 

[0135] i-4*?tb, El i o£<fiS£x* 

2 2l:J;ot02©^7y/S l 0 0 lcioV>rtf^^^ 

[0136]w^-C > w(O(2l4co rjSfflRttJ t S 

fc LTV^6o 

[0 13 7] Ld»L<t3^fe. Ei4tf>T&<0 rj£g^ h 
^ofcfclcSfiJE^* h^2' co^p^glD^D 

[0 13 8] Lt^ot, Z<D£o teMiti&{Bfc&'< 

3 OiCio-C^^^-f hO^^I 12^77/ 
SI 04) «rffte*.tf, '#<bix5£ff*^ hfc&ofc 

[0 13 9] ^:t:oH^Til ± 9 [sli»<0£« j£g 

[0 14 0] BI5tt« #5!W«>JI1||<D»1BJCJ:5^M»IE 
[0 14 1] 6tttt0>fistftaHktt< fctili^^ 40 

^Ky77-« (FD) iaotl^^5o 
[0 14 2] fi«ai«(Cj3ftd Ky^7-MSFDIi 



IMtt/hS<ftS. iwi^^fl^^ K/kd tana 

& F D fciifci- 5 w t X% ho 
[0 14 3] *i\ 7s^y^a*S:S*3tKy^ 

[0144] ftu^J: 5fC, gftJC^* h/W2d««S 
»«(c.fc 9§ffJ5£-<* h/u2' 0«fc 51^-TixTv^i: 

JfeOjSWJES"** hA^fe£1-*i"Kofct>0>ICftoT 

[0 14 5] — JKttlC, 7*-S^^#/hSVMaif, 1- 

oT L£ o Z. t £rB5lh tTV^ e J: 9 ^{fc&^JlClL Ky 
^7-J5teftFD;&M&V^*l£li % El 5 (A) 

[0 14 6] CntCftU 7* — S^^tf^SVMSif, 
i"ftfc^Ky:^-/3««FDasi«VW5^ <5$$&<7>£ 

#t-^, E15 (B) o»*Oj:5(cft«J6»^<^ h/^ 
2' d»^XffOc^*^(Dtt;«WS«E«^}fS:fTtt 

[0 14 7] dOJ:9 3fc*DfS*i, ^<ir Itii oi^ifft 
h/Htfi«3 2tCj:orlltT$tt5e [16(1, ' 
^J: 5ft Fy77-«FDi:|@ Lfc»»to3a«r* 
^f7D-ft- FT'fcSo 

[0148] 1116 £#9SL-C, ^7y/Sl lCi5V>T, 

l^oJ:t/2 , *s*iS$ix6o 

[0 14 9] ftC ^7y^S2 HlJ^^^fe 
ici: t)?*-^^!*^*) K-y^9— «**F 

[0 15 0]ftC, ^ry^S 3(i*5^T. m l^f 
jS«:^<^ K/uft5E«3 2ICJ: 9, El 5 KMiS UXlftBj L 

7^-^i"ft^*>^»E«^i5fc3£* s ft^^S. ft*3, C 
oift-c, Ky^-WJeSFDoastelwJCCTViBBI 

D 3 4(c^^^^i^•rv^6 1 b£0 ( ^:i-6o 



-11- 
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[01511 ^T^/S 4i:i:fc5l^T, ±&<DXT 

[0 15 2] ^fy/S 5IC*31^T. il^S 

h-<^ K/i**«3 0tcJ;»9 x ±»0^^y^ 

T&ff * = ^ htfJiJt**bS. 
[0 15 3] BLhOj: :oll£0llitli Ky 

JMMfcF D©*ffil:J: 9 *&4>fttt SKSriiiR L 

5o 

[0 15 4] &«Rttoett£»tt, T^r^ 

Tfc*fc>£it5o r.G>.fcdttlR*i* Tm^Ti/ 
S^SBH (Mean Square Error : J^TMSE) T 

ic, MSE^s^#v^^^^±l9Ip|i»lc^3V^■c^6*$i^fc^ 

[0 15 5] L^t^oT, ££(CJ£CT 

[0 15 6] J^T(C, ±i(OMSEt:f @ IT, ^(D$£ 
[0 15 7] Mb<D (A) ICjIoTv MSE^f<$ 

< LT^6 0 J:9*#:WJCfi, M S E#:*c£V>£ % IC 
f±, 12)5 (A) <D»&(0£ ^SWJSSx* h^2" 

[0 15 8] — 0 5 0 (B) (d^i-J; ? 5-, MSE 
ffl*««:ittMMK UTV^o «fc9**tt^tt. MSE 

as/h£v*£*iwii % Els (b) o^o«t y i-SftJS^ 
[0 15 9] UTiai<oaHtJ6 
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[0 16 0] m 7 JC^ Lfc:7 o— — Hi, WTo^ 

&£>o. ^fy^S 1 2fC*3l^T, ^^D^&ICJ: 9M 
SE#*tti$J'U ISfclC^fyys 1 3{w*5V^T, ESI 1 <D 

WLttffi-e, M S E D t*8o^» /<7 ^ - ^ t 

[0 16 1] ^<a{tilO&3l{col^Ttel2]6lc^igLTI* 

[0 1 6 2] £l±<D£o\Z. -<Dmm<DftmTi*. MS 
EO^/hJwJ:9*iBO^»«EI»t«riS«LTV^W-C, ± 

20 [0163] RK % EI 8 w <D&W<D £ <b ^ffi^HJS 

^H*EBtfr**L, lay^Sllfio^lBTttMSEJcJ:?) 
ttSMSOJBlB-ett. Ky^7-fl8»FD*5j:t;MSE 

[oi6 4] :onio^t(-ci±, 

So 

[0165] Ei8£#85L-r, *T^ys l&£XS2n 

[0166] ^(7)^. Xfy7°Sl 2f:i:k5^TMS Zfc 
40 m^^tltl^, ^fy^S 2 2IC*5V>T, C^MSEO 
*/h«Cj£CT^MfB(i* J *|jE*iXS. fc^r^^. MSE 

X<10«*TMjE^iX5 Q — MSE^/jx^V^ 

Jx, >^ LI 3 4 lc£¥:^£;h/CVN;5t><0<h-r5o 
[0167] :^J;9 ^f7^S2 2CJ3V^# 

50 ix6o 
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[o i 6 8] &,±tox ?\z, zcDnrntommwis *v*¥ 

TffiO*MMElB«:iBR U $ b fCM S E(c<fc oT*tt?^ 
^tco^IE ^ff ^ o T V> 6 O T\ iOjEat^^JS^^ 

[0 16 9] #*5, fe»SMS^tKy^7-^SS 
[0 17 0] ±34*>*M«E 

[oi7i] ^m^ziritinmmmteT^xv&x* 

[0172] 

[El 1 ] *5BW^H*o^1B(DPDMAfflS«&^^«i 

&3£E mmmmm) 1000 60M?r^tiB&yD >y 

:?ElT*&5o 

[El 2] MttttK (MMEttA) l ooowiltoi 
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[El 3] &ffJS€><* h/Wf££«3 2WIW^ 
[1214] ^W^SfiiS^* h^coatSISUi&J&W 

[(3 6 ] ^B^oljS£(D^it: J: S: 
[El 7 ] **W<offiiol5]i6<o^1BSc«l: 

[si 8] *&w<d$ hizi&nnifctDmmzxzftft®. 
m<Dmmz$iwf5>tzfr<v7u-?'^- bx$>z> 0 
[si 9] nimmmn^kikie. #»«#m««a3j:t/ 

El-Cfc^o 

[Ei i o ] r << ~?~r w mgkmi&m<Dm*m¥ 

[El 1 1 ] T ^7*7 ^ y T W 
20 m 1 2 ] »»tBIOt»(t*W7 U-^^$r^ 

-rassEiTfc^o 

[ei 1 3 ] r -f u>r mMm&m t^-fi 

SRI ^{f&B, ST1 Sf&SU. #1— #4 T^t- 
-7\ 10-1-10-4 s>^Ih]&. 12-1-1 

2-4 fUSSS, 13 »DJM§, 15-1-15-4 

2 0 Sit h^* 2 2 £ 

<tj£^-<* h/rn-jM, 30 mm<>=.<< h^<* h^tf 
iooo ftijR^a o 



[E12 ] 



[12 3] 



6100 



Si 02 



5104 




*9 Ml-) 
I 
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IM7] 



[E!8 ] 
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.si 
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[El 9 ] 



(a) FDMA . (b) TDMA (c) PDMA 

Frequency DMsJon Multiple Access Time Division Multiple Adobes Path Division Multiple Access 
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